raditionally, farmers maintain a few female goats Tf or breeding purpose and male kids are sold for meat purpose. In addition, after five or six breeding seasons, these adult females are culled and sold for meat. Though, chevon is considered as prime and higher-priced meat, meat from the culled goats fetches p o o r p r i c e d u e t o t h e i n h e r e n t t o u g h n e s s (Wattanachant et al., 2008) . Toughness increases due to increase in the thickness of muscle fibres and increase in tensile strength of collagen with age due to non-reducible intermolecular cross-links in collagen of older animals (Agnihotri and Rajkumar, 2004) .
Tenderization of the spent goat meat would decrease its toughness and increase market rate. Among the various tenderizing methods, application of natural tenderizer is an efficient and promising technique. The ideal meat tenderizer is a proteolytic enzyme with specificity for collagen and elastin in connective tissues that would act either at the low temperature at which meat is stored or at the high temperature achieved during cooking (Gerelt et al., 2000) . Plant proteolytic enzymes most commonly used are papain from papaya, cucumin from cucumis, ficin from fig, bromelain from pineapple, actinidin from kiwi fruit, zingibian from ginger etc. (Naveena et al., 2004) . Among these plant proteolytic enzymes, papain, ficin and bromelin had been widely used, but ginger was not fully exploited as a tenderizing agent. The purpose of this investigation was to determine the optimum concentration of ginger oil for effective tenderization of spent goat meat by determining the 
EFFECT OF GINGER OIL ON TENDERIZATION OF SPENT GOAT

ABSTRACT
To tenderize tough spent goat meat, an aqueous emulsion of ginger oil (0.10, 0.25 and 0.50%) was added and marinated for 24 h at refrigeration temperature. The samples were analyzed for physico-chemical characteristics, texture profile and sensory evaluation. With the addition of ginger oil, sarcomere length increased, muscle fibre diameter was altered and the other physicochemical characteristics did not show any significant difference. The shear force value of control 2 was 7.64 kg/cm and that of the ginger oil (0.25 and 0.50%) treated sample was significantly 2 (P<0.05) reduced to 5.73 and 5.68 kg/cm . Non-significant variation was observed by addition of ginger oil in sensory and texture profile characteristics of spent goat meat. The overall acceptability scores of control and 0.10% ginger oil-treated samples were 6.09±0.25 and 6.32±0.18, respectively. It was concluded that the addition of ginger oil at 0.10% level could be used to tenderize the spent goat meat without affecting the physico-chemical and sensory characteristics.
physico-chemical and sensory characteristic changes in spent goat meat.
MATERIALS AND METHODS
The study was conducted from January to June, 2016. One spent goat (5 year old) was purchased from the Instructional Livestock Farm Complex and slaughtered at the Department of Livestock Products Technology (Meat Science), Veterinary College and Research Institute, Namakkal. Meat was deboned and connective tissues were removed manually. The muscles were cut into small chunks of approximately 3 1.0 cm sizes, packaged in low-density polyethylene (LDPE) and stored in the laboratory freezer at -18±2°C (up to one month) and used for subsequent experiments.
Ginger oil was purchased from M/S Akay flavor and Aromatics Private Limited, Kochi. Ginger oil at concentrations of 0.10, 0.25 and 0.50% was prepared by adding corresponding quantities of water and made into an emulsion by using tissue homogenizer at 12000 rpm for 5 min. Different concentrations of emulsion at 1:1 v/w ratio was added to spent goat meat and packed in LDPE bags. Then the packs were tumbled for 15 min and allowed to stand for 24 h at refrigeration temperature (4±1°C). The control samples were prepared by adding distilled water in the ratio of 1:1 (V/V). Then the aqueous extract was drained and the meat samples were drawn for analysis of physico-chemical characteristics such as pH, water h o l d i n g c a p a c i t y, e x t r a c t r e l e a s e v o l u m e , thiobarbituric acid and tyrosine values. For sensory evaluation, the meat was cooked in a pressure cooker at 121°C for 20 min and the cooked meat was served to 11 sensory panelists. The sensory evaluation was done using 8-point hedonic scale at early evening in the sensory laboratory maintained at ambient temperature.
The pH of spent goat meat was determined by adopting the method of AOAC (1995). Water-holding capacity (WHC) was measured using filter paper press method (Grau and Hamm, 1953) . Meat (300 mg) was weighed and placed on a Whatman filter paper No 1. The samples were pressed between two plexiglass plates for 3 min with a weight of 100 g. The WHC values were calculated as the ratio of the area of expressed water to the area of the pressed meat sample. The areas of pressed sample and water were measured using graph sheet. WHC was calculated using following formula WHC (%) = (Area of inner circle / Area of outer circle) x 100
Extract release volume of the meat was determined as per Jay and Kontou (1964) . Thiobarbutiric acid -reactive substances (TBARS) number was determined as per Tarladgis et al. (1960) . Procedure of Strange et al. (1977) was followed with slight modifications for estimation of tyrosine value. To estimate the tyrosine value, meat (2 g) was added to 10 ml of chilled 20% trichloroacetic acid, homogenized in a vortex mixer for 2 min, allowed to stand for 10 min and filtered through Whatman filter paper No. 42. Filtrate (2.5 ml) was added to 2.5 ml of distilled water and 10 ml freshly prepared 0.5 N NaOH. The tubes were allowed to stand for 10 min. Folin Ciocalteau reagent (3 ml) was added and allowed to stand for 30 min to develop dark colour. The optical density was measured at 730 nm.
For measuring sarcomere length, the method described by Cross (1979) was adopted with slight modifications. Meat (5 g) was cut into small cubes and homogenized in a blender twice for 15 sec periods at low speed interspaced with a five sec resting interval in 30 ml of 0.25 M sucrose solution. One or more drops of the slurry were transferred onto a microscope slide and covered with a cover slip. The suspension was examined directly under the microscope under oil immersion objective and the sarcomere was measured and expressed in micrometre. For measuring muscle fibre diameter the method described by Jeremiah and Martin (1977) was followed. For measuring shear force, the cooked meat samples were cut into strips of 1"x1" dimension and sheared using Warner Bratzler shear blades supplied with the texture analyzer (Stable Micro System, Model TA.XT 2i/25, UK). The force required to shear the Tenderization of spent goat meat 2 samples was measured and expressed as kg/cm . Texture profile analysis was performed using a texture analyzer (Stable Micro System, Model TA.XT 2i/25, UK). For testing, the cooked samples were cut into uniformly sized cubes of 1"x1"x1" dimension and sample was compressed twice to 80% of the original height (Feng et al., 2003 ) using a compression probe (P25) with a crosshead speed of 10 mm/s. The characters measured were hardness (kg), adhesiveness (g sec), cohesiveness (mm/mm), springiness (mm), gumminess (mm), chewiness (kg) and resilience. The data generated from each of the three trials were analyzed by analysis of variance and Duncan's multiple range test to determine the effect of treatments and compare the means (Snedecor and Cochran, 1989) .
RESULTS AND DISCUSSION
Application of ginger oil to the spent goat meat non-signficantly increased the pH over control (Table  1 ). The increase in pH by the application of the ginger extract was also observed by Naveena and Menditratta (2001) . The increase in pH of the treated samples may be due to the higher pH of fresh ginger. There was a slight decrease in WHC, upon the ginger oil treatment. Conversely, the extract release volume of the ginger oil treated samples had markedly higher values than control. By the application of ginger oil the TBARS number and tyrosine value did not show any significant difference. Ginger oil at 0.10% level significantly (P<0.05) increased the sarcomere length over control, 0.25% and 0.50% of ginger oil treated sample (Table 1) . A similar increase in sarcomere length was also observed in spent hen meat by Mendiratta and Panda (1995) . Increase in muscle fibre diameter was observed by the addition of ginger in spent hen meat (Naveena and Mendiratta, 2001 ). On the contrary, Tuma et al. (1962) reported that fibre diameter of bovine longissimus dorsi and semitendinosus muscle samples increased with decrease in tenderness as the age of the animal advances. However, the increase in the muscle fibre diameter was directly correlated with decrease in shear force value. Ginger oil treatment had some variation in muscle fibre diameter, but the results were not consistnet with the concentration of ginger oil. This might be due to lower levels of ginger oil which might not be adequate to exert effect in histological characteristics of spent goat meat. Upon sensory evaluation, the appearance, flavour and overall acceptability scores of the 0.10% ginger oil treated samples numerically had higher scores than other concentration of ginger oil application and control samples, but the differences were not significant.
The shear force value of ginger oil treated samples had significantly (P<0.05) lower value than the control (Table 2 ). Significant reduction of shear force value after ginger extract treatment was also reported in mutton (Mendiratta et al., 2000) , buffalo meat (Naveena et al., 2004) and spent hen meat (Naveena and Mendiratta, 2001) . Texture profile analysis characteristics of ginger oil treated samples did not show any consistent result (Table 2) . Similarly, Zochowska-Kujawska et al. (2013) suggested the addition of an exogenous proteolytic enzyme could result in breaking of the protein chains of muscle and collagen fibres and their structural damage resulted generally in reduction of muscle hardness, springiness and chewiness. Thus, it was concluded that the ginger oil at 0.10% level did not show any significant variation in physicochemical and sensory characteristics of spent goat meat. However, a textural characteristic such as shear force value was significantly decreased by the addition of ginger oil to the spent goat meat. Texture profile analysis characteristics of ginger oil treated samples did not show any consistent result. At the same time, ginger oil at 0.10% level significantly increased the sarcomere length over control and other treatments. Based on the results, ginger oil at 0.10% level was found to be optimum for tenderization of spent goat meat. Further, the method of tenderization using ginger oil needs to be optimized, either by varying the marination time or concentrating the proteolytic enzymes, in order to achieve the shear force value of 2 below 5 kg/cm .
